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Summary We present a case of chronic thrombus occlusion visualized by optical coherence
tomography (OCT) in a patient following bare metal stent (BMS) implantation. A 74-year-old
Japanese man was treated with single BMS implantation for acute coronary syndrome. The
second follow-up angiography demonstrated no restenosis at the BMS site in the convales-
cent phase before discharge. A third coronary angiography at 6 months after BMS implantation
showed sub-total occlusion at a site just proximal to the BMS. OCT was performed to evaluate
in-stent restenosis. OCT demonstrated an organized thrombus-like image containing a micro-
channel in the target lesion. Repeat percutaneous coronary intervention (PCI) was performed
with a distal protection device and we were able to aspirate some tissue from the culprit lesion.
Pathological examination of this tissue revealed an organized ﬁbrin thrombus with angiogene-
sis. Phosphotungstic acid hematoxylin staining and CD68 immunological staining were positive
in this tissue. Moreover, immunological staining for CD34 was positive in the micro-channel of
this tissue, suggesting chronic build up.
This case demonstrated that chronic, organized thrombus formation is a possible cause of
restenosis after BMS implantation in the convalescent phase, and that OCT is a useful modality
to discriminate thrombus formation from regular neo-intimal hyperplasia in in-stent restenosis
lesions.
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Figure 1 Serial coronary angiography. (A) In the convalescent phase (day 16): red arrows show bare metal stent (Multi-Link Vision
3.5mm× 18mm). (B) Third coronary angiography at 6 months (control before repeat percutaneous coronary intervention). (C) After
uting
rge s
nd, tdilatation using 1.5mm× 15mm plain balloon. (D) Paclitaxel-el
implantation (3.5mm× 24mm) with distal protection (Percu Su
(For interpretation of the references to color in this ﬁgure legefollowing bare metal stent (BMS) implantation. A 74-year-
old Japanese man was treated with single BMS (Multi-Link
Vision 3.5mm× 23mm; Abbott Vascular Inc., Santa Clara,
CA, USA) implantation for acute coronary syndrome of the
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Figure 2 Neo-intimal hyperplasia (NIH) visualized by conventional
Conventional image demonstrated a speckled image in NIH, and IB
interpretation of the references to color in this ﬁgure legend, the re(Taxus Express-2; Boston Scientiﬁc, San Diego, CA, USA) stent
ystem; Medtronic, Santa Rosa, CA, USA). (E) Final angiography.
he reader is referred to the web version of the article.)ight coronary artery (RCA). Just after percutaneous coro-
ary intervention (PCI), he was taking 200mg of aspirin and
00mg of ticlopidine. The second follow-up angiography
emonstrated no restenosis and a thrombus at the BMS site
and integrated-backscatter intravascular ultrasound (IB-IVUS).
-IVUS image classiﬁed NIH tissue to a mainly green area. (For
ader is referred to the web version of the article.)
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Figure 3 Neo-intimal hyperplasia (NIH) visualized by optical coherence tomography still image. NIH was partly exfoliated at the
distal in-stent restenosis (ISR) site, and heterogeneous NIH was present at the mid ISR site. Moreover, homogeneous NIH tissue with
attenuation at the intimal surface was present at the proximal ISR site.
Figure 4 High power ﬁeld images by optical coherence tomography (OCT). OCT demonstrated organized thrombus-like images
containing a micro-channel in the target lesion, although thin regular neo-intimal hyperplasia was observed at the proximal edge of
the in-stent lesion. The in-stent lesion visualized by OCT was different from regular neo-intimal hyperplasia (A—C). A white arrow
shows suspicious obtained-tissue (A and A’). Images A’ and B’ are high power ﬁeld images of A and B. The high intensity liner tissue
of the image C (red arrow) may show accumulation of macrophages. (For interpretation of the references to color in this ﬁgure
legend, the reader is referred to the web version of the article.)
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Figure 5 Longitudinal image of optical coherence tomography. The longitudinal image demonstrated the micro-channel tied with
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tshoulder of peeled of tissue (A, B, upper red arrow). The micro-
erosion and partially peeled off tissue. The range of micro-chann
of the references to color in this ﬁgure legend, the reader is re
in the convalescent phase before discharge (Fig. 1(A)). After
discharge from our hospital, he had no symptoms during the
follow-up period. A third coronary angiography at 6 months
after BMS implantation showed restenosis at a site just prox-
imal to the BMS (Fig. 1(B)). A repeat PCI was performed
for chronic sub-total occlusion. After crossing the guide
wire to the distal portion of the RCA, the target lesion was
dilated using a 1.5mm× 15mm balloon catheter (Fig. 1(C)).
Intravascular ultrasound (IVUS) and OCT were performed
to evaluate in-stent restenosis (ISR). Conventional IVUS
demonstrated speckled neo-intimal hyperplasia (NIH) and
integrated-backscatter (IB). IVUS demonstrated NIH as a
mainly green area (Fig. 2). Fig. 3 shows serial OCT images
from distal to proximal relative to the ISR site. OCT imaging
was performed during occlusion of the proximal coro-
nary artery with a compliant balloon (4F occlusion balloon
catheter; Helios®; LightLab Imaging, Westford, MA, USA) and
continuous ﬂushing. Fluid ﬂush was one part Dextran 40
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Figure 6 (A—E) Pathological examination of these tissues demons
‘‘a’’ and ‘‘b’’ are hematoxylin and eosin (HE) staining (A). Phosphotu
alcian blue staining (c—e) for extra-cellar matrix were partially pos
macrophages was positive in this tissue. Moreover, immunological sta
tissue (C). Part (D) shows sample ‘‘b’’ for CD 34, alcian blue, and PTA
cavity. The diameter of this channel is nearly compatible with micro-c
positive near endothelium in this tissue.nel in the neo-intimal hyperplasia had a network to the surface
meter is between 40m and 520m (C—F). (For interpretation
d to the web version of the article.)
o three parts lactated Ringer’s solution. A 0.016-inch OCT
atheter was used with Image wire® (LightLab Imaging). OCT
emonstrated an organized thrombus-like image containing
micro-channel in the target lesion (Fig. 4). NIH was partly
xfoliated at the distal ISR site, and heterogeneous NIH was
resent at the mid ISR site. Moreover, homogeneous NIH tis-
ue with attenuation at the intimal surface was present at
he proximal ISR site (Fig. 4). Micro-channels in the NIH had
etworks to surface erosion and partially peeled off tissue
Fig. 5, red arrow). Repeat PCI was performed with a distal
rotection device (Fig. 1(D)) and we were able to aspirate
ome tissue from the culprit lesion. Pathological examina-
ion of this tissue revealed an organized ﬁbrin thrombus
ith angiogenesis. Phosphotungstic acid hematoxylin (PTAH)
taining for ﬁbrin (Fig. 6(B)) and CD 68 immunological stain-
ng for macrophages (Fig. 6(C)) were positive in this tissue.
oreover, immunological staining for CD 34 was positive in
he micro-channel of this tissue (Fig. 6(D)). However, ali-
trated an organized ﬁbrin thrombus with angiogenesis. Photo
ngstic acid hematoxylin (PTAH) staining (a and b) for ﬁbrin and
itive in this tissue (B). CD 68 immunological staining (a—c) for
ining for CD 34 (d—f) was positive in the micro-channel of this
H staining. CD 34 staining was positive in larger macro-channel
hannel visualized by OCT. Alician blue staining was only slightly
e6 T. Itoh et al.
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cian blue staining was only slightly positive in this tissue
(Fig. 6(E)). In summary, the samples obtained showed micro-
angiogenesis with endothelial cells in a chronic organized
ﬁbrin thrombus with macrophages and were different from
regular NIH. This pathological examination suggests that this
ISR lesion is chronic build up associated with an inﬂamma-
tory response.
Discussion
This case demonstrated that chronic, organized thrombus
formation is a possible cause of restenosis after BMS implan-
tation in the convalescent phase, and that OCT is a useful
modality to discriminate thrombus formation from regular
NIH in ISR lesions.
The pathogenesis of ISR in the convalescent phase after
BMS implantation revealed NIH. Virmani and co-workers
reported that the later phase of ISR after BMS was marked by
formation of a neointima, including differentiated smooth
muscle cells, inﬂammatory cells, and extra-cellar matrix,
not thrombus formation [1]. Moreover, Chung et al. reported
that enhanced extra-cellar matrix accumulation rather than
cell proliferation contribute to the later stage of ISR after
BMS implantation [2]. However, we felt this case demon-
strated that chronic organized thrombus formation with
inﬂammatory response is a possible cause of ISR after BMS
in the clinical setting in vivo for several reasons. First,
this case has a smooth and concave surface in the lumen
of the ISR lesion, whereas fresh thrombus visualized by
OCT has a rough and/or convex surface. Secondly, the ISR
lesion contains a chronically built up micro-channel includ-
ing endothelial cells different from regular NIH. Thirdly,
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e-occlusion was not conﬁrmed at day 16 after the ﬁrst
CI, and the patient had no symptoms during the follow-
p period. Fourthly, the NIH image classiﬁed into a green
rea visualized by IB-IVUS is different from regular neo-
ntimal hyperplasia and neo thrombus which is regularly
lassiﬁed into a blue area by IB-IVUS. The differences in
he IB-IVUS images are thought to be thrombus contain-
ng ﬁbrin and aging of the thrombus (Kawasaki, personal
ommunication). Finally, the OCT ﬁndings of this ISR lesion
fter BMS implantation are similar to previous ISR reports
3—5] after sirolimus-eluting stent (SES) implantation. These
eports described chronic thrombus formation with low sig-
al NIH containing a micro-channel, and reported that high
ntensity intra luminal surface tissue in ISR lesion after SES
mplantation is ﬁbrin thrombus [5].
The peri-stent low intensity area visualized by OCT is
hought to be extra-cellar matrix (i.e. proteoglycan etc.). In
his case, deep layer tissue with signal intensity attenuation
n the peri-stent area visualized by OCT may be an extra-
ellar matrix component (Fig. 4(C)). Recently, Teramoto et
l. reported that the peri-stent low intensity area visualized
y OCT after drug-eluting stent implantation is extra-cellar
atrix tissue (i.e. ﬁbrinoid and and/or hyaline extracellu-
ar protein, including macrophages and lymphocytes) in the
nimal model setting [6]. In this case, the peri-stent low
ntensity area visualized by OCT may be extra-cellar matrix,
hereas the low echoic image called a black hole in the
eri-stent area is not visualized by conventional IVUS.
The diameter of the micro-channels visualized by OCT
as 40—500m, and the channel was not observed in the
roximal site, but distal from the totally occlusive site as
maze. The channel was connected to the space of the
eeled off tissue. The micro-channel is often supplied from
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he vasa vasorum by vascular pathology. However, we did
ot conﬁrm the relation between the micro-channel and the
asa vasorum by OCT in this case.
Recently, evaluation of macrophage invasion has been
xamined by OCT image. Terney et al. reported that the pos-
tive relation between CD 68 staining ratio and normalized
tandard deviation (NSD) by OCT image of coronary plaque
issue [7]. In this case, NSD value in this tissue is higher than
he control value by OCT using tissue characterization ana-
yzer (LightLab 0.385 vs. 0.190). It is necessary to develop
ﬂow chart of systemic analysis for ISR lesion pathology
sing not only NSD but also another quantitative factor (i.e.
ttenuation and backscattering).
This case showed that chronic organized thrombus
ormation is present not only after drug-eluting stent
mplantation, but also after BMS implantation, and that OCT
s a useful modality to discriminate thrombus formation from
egular neo-intimal hyperplasia with ISR lesions.eferences
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